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Engr A. K. Cheburkov
. . Engr I. I. Trusova

[The table and figures referred to are appended./

To restore ferrous metallurgy plants szter World War I/, the bearing in-
dustry had to organize, in a short itime the output of antifriction bearings up
to 1,200 millimeters in diameter for rolling mills. In addition, other branches
of machine building are beginning to require large-size bearings.

For these reasons, the Moscow First State Bearing Plant, in particular,
had to solve the whole complex of problems connected with the production of
large-size beariogs (materials, hot and cold working of parts, hardening, and .
casehardening) .

Material

. Ordipary types of antifriction bearings sre made of ShKhlj steel, and their

N heat treatment does not present any special difficulties. When the size and,
consequently, the cross section of bearings is increased, difficulties arise in
the hardening process.

To obtain good hardenability of heavy parts made of ShKhl5 steel, the harden-
ing temperature must be raised. This higher temperature produces a poor metal
structure, creates hardening stressesand fissures amd increasges the percentage o residual
austenite ir the steel. Different combinations of temperature and heating and
cooling methods do pot always produce satisfactory results, especially in the
hardening of parts with complex forms. The simplest solution of this problem
is to increase mangsnese content in bell-bearing steel used for making large parts.

L The presence of one psrcent mangenese in ShKhl5 steel gives good hardenability
‘ and high, evenly distributed hardness on the surface of large-cross-section parts
when they are quenched in oil,
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Steel with an increased manganese and silicon co

ntent is listed in GOST
(State All-Union Standard) 801-k7 as Type-ShKn155G st

eel,

Bearings made of hard steel do not stand up under high specific loads
@ccompanied by impact loads. Observationms have shown that dynamic loads have
& congiderable effect on the life of bearings in rolling mills. Rings made of

hard steel rapidly break dovn, with the characteristic distribution of open
figssures along the roller track,

Bearings made of low-carbon alloy steel and then casehardened are the most
durable, siance the casehardened bearings stand up better under the dynamic loads
which inevitably arise in the operation of rolling mills.

For taper multirow bearings used in rolling mills under especially severe
operating conditions, 12Kh2NUA and 20Kh2RLA chrome-nickel casehardening steels
are used.

Hot Working and Heat Treatment of Forgiggé

The physical and mechanical properties of forgings and rings depend on the
structure which forms during hot working of ingots and rolled stock. This is
mainly applicable to ShkKhl5 and ShKhl5sG high-carbon steels ard, to a lesser

extent, to casehardening steels. As a rule, large-size bearing steel rolled
stock arrives from the maetallurgic

times. A8 & rasult & “insufficient reduction of fie center o the blank, the meta
,retain, to a gréat SAtaEtl U structure of'alcasting, that 1s, 1t may, have poro-
'8ity and other defeets . Fp;'rthia._é'eé‘,ét':_u','_‘rgqu-‘rorgings should not bé mede from
rolledistock i the Yatio U iy hesghy of te £ording db g size Ofthe’stdck. 1s less thap
‘2.1, Table L 'gives the wet% of fpﬂgl'ﬁ&.;dﬁﬂf‘_thn digg‘n“a':l:oxie. of the rolled stock

uld be el The mintmun NeLght of the forging corl, .

1 may

frow which these forgings’s 1 ghit

+ 'Tesponds’ to & 2:1 ratio of the helght off tHe forging £ the ‘size of-fhe square ; -
stock, end the maximum weight corresponds o a ratls of ifty e -, B
Making large forgings by smith forging involves leaving iarge machining .
allovances, sometimes &s much as several dozen millimeters. To reduce allowances “"
for lathe machining, the method of hot rolling the rings on forging rolls ig '
used {Figure 1),

The ferging temperature of bearing stc 1& very fmportant ani ig selected
according to the forging method used. Thus, for smith forging on a hammep forge,
whea the forging process lasts a long time, the blank may be heated to 1,100 de-
grees centigrade, so that the forging process is completed at a temperature of

850-800 degrees centigrade. For drop forging, the temperature of preheating
should not exceed 1,050 degrees centigrade.

Rolling beering rings on forging rolls takes 45-90
has virtually no tipe to cool off, Therefore
not exceed 950 degrees centigrade.

seconds, and the blank
) preheating for rolling should

The temperatures at the beginnin,
well coordinated. It is important to assure a co.
forging, with the follow
carbide crystals in the
of cracks in the steel.
temperature of 700-500 degrees centigrade; the second requires slow cooling
from 500 degrees centigrade down, Precige fulfillment of these conditions may
be achieved on a conveyer which carries the forgings for a fixed length of time
while they are =ooled either by com

rressed air or & water spray (mist), after
vhich they fsll into a box where final cooling takes place at a slower rate,
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Annealing

Forgings made of ball-bearing steel are annealed at a temperature of 800
degrees centigrade. Forgings of chrome-nickel steel are normalized at 900-9L0
degrees centigrade by air cooling and then ennealed at 650-670 degrees centi-
grade.

lathe Machining of Rings

The specisl problem arising in the turning of large-size ring forgings
(800-1,000 millimeters) is that the unequal distribution of mechining allowance,
owing to out-of -round rings, varying wall thickness, hollows, and forging faults,
makes necessary constent resetting of the ring or the machine tool. Lethe turn-
ing of forgings comsists of roughing aund finishing on chucking lathes or on
.vertical lathes,

The forgings were set up and fastemed in four-jaw chucke by hand. Fastening'
in the chuck csused -omsiderable elastia deformatior, and, 4s ¢ result, the outer
ring was usually uut-of-round about 0.8 millimeter and the iezer ring, about 0.4
millimeter. In the prozess of lathe machining without using a coolant, the ring
was heated to 70-80 degrees centigrade, and its dismeter fncreaged 0.008milli-
meter per 1,000 millimeters for every degree rise in temperature.

Heat Treatment

Casehardening the surface >f steel with carbon, a method long used in our

technology, 1is widely known and practiced. Howvever, deep carburizing (up to 10

millimeters) is Lot a common practice. Flgure 2 gives the curve of hardness dis-

tribution by depth of the casehardened layer of 12Kh2N4A steel for various harden-

ing temperatures and the curve showing changes in the carbon content according .
- to the depth of the layer, as shown by chemical analysis. Casehardening is car- ¢

ried out_with a solid carburizer. According to the carbon content curve, the

[Eaximug/ depth of :asehardening is 7 millimeters, which corresponds to a Rock-

well C Scale hardness of L.

There 1s some further decresse in hardness owizg to the ann2aling process
and tu poor saturation of the deeper layers with carbon. The degree of carbon
saturation of the steel surface is reasonably high {up to 2 percent! and de-
creases sharply the deeper one penetrates. Ia layers with e high carbon content
(more thap 0.7 percent), raising tne hardening temperature causes & marked de-
crease in hardnes3, owing to the formation of & considersble amount of austenite.

This data makes it possible to outline wachining nethods, taking into eccount
the behavior of the surface and underlayers of casehardened steel, which become
the working surfece after the allowance is removed by grinding.

Let us compare three methods of carburization: casehardening vwith a solid
carburizer, gas casehardening, and liquid cyaniding. Specimens of 12KhN3A steel
were cerburlzed fuor 160 hours &t a temperature or 930 degrees centigrade. The
following conclusions were reached on the besis of this test

1. <asehsrdening with & solid carburizer is the most stable and most con-
trollable process of carburization, but it produces a great quantity of surplus
carbide on the surface and to & certain depth beneath the surface. These carbides
can be reduced by reduring the amount of catalyst in the carburizer.

2. Gus casehardening makes it possible to regulate the process by .additional
soaking at tne casehardening temperature, which brings about diffusion of the car-
bon from the surface iowards.
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3. The degree of carbon saturation of the metal ip high-temperature cyanid-
ing 1s the lowest of the three methods and depends on the composition of the bath
and the length of immersion. In a fresh bath, the carbon saturation curve of
the steel corresponds to the curve of a solid carburizer. However, the carbop
content of the surface never exceeds 1.1 to 1.15 percent. High-temperature cyanid-
ing is of little practical importance cwirg to the low productivity of the baths,

Hardenigg and Casehardening Practice

bardening wera brought out in these tests (shrinkage during heat treatment, and a
tendency to great deformation and saturation of the surface with carbides, making
it necessary to remove this layer by grinding)}. -

The heat treatment of lerge-size rings is made up of tbe following operations:
(a) casehardening with a solid carburizer mixed with coke and containing a relatively
small amount of catalyst; (b) quenching the rings in oil immedistely after removal
from the casehardening box; (=) high-temperature texpering after they are fully air
cooled; (d) quenching the rings in oil until they are fully coo’ed; anmd (e) two
lov-temperature /180 degrees centigrade) temperings, with a 24-hoyur interval be-
tveen the temperivgs

After caschardening, hardening, and temperiog, the emoupt of shrinkaga ig
measured .

For camsehardening, 100-kilowatt shaft furnaces with two gozes were built, A
protracted ‘up to 200 hours) casehardening process was planaed for, and for this
reason, much streation wasg given 10 the packing of rings in the pots. A set of
rings coosisting of two inner and three outer riogs was loaded into g pot 200 milli-
meters high. |In lo=ding the pozt, Spe-ial care vas taken to fit the lover rings
firmly against the “rosspiece so that they would 0ot undergo deformation under
their own welght . Equal vertical gaps between the fnper and outer rings were ob-
tained by using packing stripe

The -arburizer ~oneisted of coal zoke and a tundirg mixture in a'ratio of
1:1. The parti-les of ~arburizer were 5.]2 miliimeters in size The cuseharden-
ing mixturs -cnsisted of T0 percent used ang 30 percent fresh “arburizsr. Special
test ope - ireus were backed In the pots along with the rings

The pot was Insulated 0n top with two layers of Sheet asbestos, and the seam
Was covered with fire clay and water glass. Coal dust wag Sprinkled between the
layers of ashestos. The pot was covered with an iron 1id, end the edge of the
11d and the por were insulatea with & thin sheet o: sspestos Snd carefully coated
with fire slay and water glass. This system of insulation protected the carburizer
from burning out when held at & temperature of Qi. iegrees ceatigrade for long
periods of time,

Depth of “a8ehardening, depending on the diameter a2nd trhi:kness of the rings,
was frow 6 to 1 millimesers. After o setavdening, the POl wis removed from the
furnace 224 plazed ia a special pit Alter the li¢ and the depth-of -.caseharden-
log specimen were removed, the top laver o, asbestos and coal ¥as nleared off and
8 crane was used tu 1ift out the cretspiece and rings end load them into an oil
tank. After h.é minutes, the ringe outed ro 0a- 300 degrees centigrade in the

01l and then cooled further in the ~ir. Aiter washing i hoiling soda solution,

the rings were loaded in s furpsce (or high-temperature Teararing  Tempering

temparataz. wys 250 degraes centigrade and lasted bauvrs . The purpose of the
highetempe: .-vime geoy 2ring wae to break douwn the austenite particliog formed in
the casehari=-. 3 ~2y=r during the first quenching .
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g large-size rings in gas casehzrdening shaft

(The process of sasebardenin
furnaces has now been perfected.)

. For hardening, the riog on the erosspiece is placed in an electric shaft
furnece at = temperature of 650-700 degrees centigrade and preheated for 30-50
pinutes, after which the furnace is turned on higher and heated to the hardening
temperature of 790-800 degrees centigrade. Total heating time 15 1.5-3 howrs.
The specimens are hardered along with the rings, so that the quality of case-
hardening and of hardening can be determined from them, In the oil tank, the
rings cool to 80 degrees centigrade and then cool in air to room temperature.

To lpsreage bardenability and obtain a Rockwell ¢ Scale hardness of 35-40
in the core of the rings, a ring-shaped device wag placed in the tank to circu-
late the o1l. This device was & hydrauzlic pump which forced the oil out of the
tank into pipes welded to the tank at an angle. This stream of oil ¢reates cir-

culation currénts in the oil, moving in the opposite directiop to the ring on
the crosspiece.

Tempering wes :arried out at 170-180 degrees cen*i
vere covled to room temperature, and the pros
The rings were tempered from 6-8 hours in 30-k
with forced circulstion of air provided by &

Hardenigg in Dies

In the casehardening and bardening of large-size rings, shrinksge of 3.4
milli=sters, meagured om the diameter, takes place, The extent of this shrinkage
depepds on depth of cagebardening, diameter, cross sectioz, and other factors.

grade after the rings
€53 was repeated after 24 hours,

ilowatt electric shaft furnaces,
blower.

Shrickage is greater on the inger dismeter than on the outer.
into account, mad in lathe machining, all of the Allowance
on the outer diame*or On tke inner diamete-, the allowance forms after case- e
hardening =nd hardening, owing to shrinkage. The unpredictability of changes in
dimensions and warping make it necessary to retain large allowances for the
grinding of rizgs /3.4 millimeters), waich redures the prodw tivity of equip-
ment and raises the production cost of large.sire rings. Allowsn-es oy tapered
outer ripgs ure Jowered by reducing cut .of -r nd elimfaatiog shrinkage by
hardening 'n- rings in speiel divided \iles Figure §) The heatad :ing 1s mounted
on the lower half of the 412, and the upper 1alf of the die 15 fitted “o the
lower half and made faet with key. The dle and ring sre lowered into an ofl
tank., As it -cols, the Ting tightens os the die, and the shape of the die pre-
‘vents ont-ol'-round 3nd limits shrinksge .

This is taken
for grinding is left

The use of dies elimipates large grinding aliovances, de:reases the depth
of the casehurdened layer, and makes heat treatrent more profitable. The cage-
hardened layer in the finished ring should be z $-3 millimeters thick,

For tests 1in hesdening large-size rings ic free 4
for bearivg No 377/560  The outer diameter of +
diameter of the roller tra-k was 773 m1llimeters

&4, outer riogs were pade
he rinog was 829 millimeters; the

The test was zonducted with thres variants
to the working blueprints, which specified that 80
allowance be given to the outer dismerter ang 29
rings were made according to a speiial skench w
cent) for the external and internal diameters

Four rings were made according
percent of the total grinding
peroent 1o the ipner, and two
thothe same allovance (50 per-

Variazi A

Two vings vers hardemed in the wsual WaY 00 & crosspisre (with free
shrinkage 424 notbing %o vrevent the rings from getting out-cf-reund),

R
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variant B

Two rings were hardened in dies which permitted free shrinkage of the
rings but prevented them from getting out-of-round.

Variant ¢

The rings were hardened in dies designed to prevent any shrinkage or out-
of -round.

The dies were made 1.7 millimeters smaller than the rings.
according to variant B did not shrink onto the dle sufficiently and became slightly

out-of -round. The rings hardened according to variant C shrank 1.7 millimeters
and took on the actual dimensions of the die,

The rings hardened

Results of the test showed that in every instance, the over
(of *he outer and inper diameters) for grinding increase
the increase in volume of the steel during heat treatme

-all allowance
d sharply as a result of
nt.

By using dies, out-of-round can be eliminated and the rings hardened to a
given size. Allowances can be reduced not oply by improving the design and elimi-
natirz shrinkage but also by taking into account the increase in volume of the
steel, brought about by the absorption of carbon during the casehardening process.

A specinl press machine is now being built for hardening rings in dies.

Control of the Heat-Treatment Process . ’

Before heat treatment, the inner diameter B
of every ring is measured and the dimensions rec
with the ring. From this data,
(out-of-round) can be pnoted, and
print dimensions can be defined.

outer diameter, and roller track

orded on a special form that goes
changes in dimensions (shrinkage) and deformation
the remaining allowance for grinding to the blue.

This data is then entered on a hardness diagram for the cross section of the
casehardened layer, based on analysis of the specimen which went through the en-
tire heat-treatment cycle with the rings. The diagram gives all the necessary
characteristics for each ring of the given bearing (Figure 4) as follows:

1. The intersection of the hardners curve with the horizontal, corresponding
to a Rockwell C Scale hardness of L4, gives an average depth of casehardening of
10 millimeters.

2. The intersection of the hardness curve with the horizontal, corresponding
to a Rockwell C Scale hardness of 58, shows that the caseherdened layer with a
hardness that meets the specifications is at a depth of & mlllimeters.

3. Vertical lines c.-a and b-b indicate the thickpess of the layer that will
be removed by grinding; in one place this layer 15 1.4 millimeters thick, in another,
it is 2.7 millimeters thick. (The difference is accounted for by out-of-round
of the ring, equal to 1.3 millimeters.) The section of the curve tetween the ver-

tical lines indicates the hardpess of the working surface of the ring, so that in

spite of the difference in thickness of the layer removed by grinding, the hard-
nesg for the entire surface is 63 Rockwell C Scale,

From this graph, one can also determine the average thickness of the case-
hardened layer that has a Rockwell C Scale hardpess of more then 58, and also the
structure on the rolling surface of the finished ring.
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Grinding oé the Rings

If hardening dies are not used, the distribution of allowance between the
inner and outer diameters after lathe machining will be unequal, owing to
shrinkage during heat treatment. Thus, for a ring with a diameter of 800 milli-
meters, the allowsnce on the outer diameter after lathe machining is 5-7 milli-
meters, and the allowance on the inper diameter is 0.5 to one millimeter, After
casehardening and har-dening, the allowance on both th~ inner and outer diameters
is approximately the same, 3-5 millimeters.

The wheel is ground in two operations. Rough grinding takes off up to two
thirds of the totel allowvance and differences in allowance owing to out-of -rcund,
after which the ring is tempered at low temperature to remove stresses. Finish
grinding brings the ring to the dimensions indicated on the blueprints.

Rough gripding is very exacting. The necessity of removing & large allowance
makes It seem desirable to speed up the grinding process, but at the same time,
it must be kept in mind that the surface of the ring 1s supersaturated with car-
bide, contains 8 great quantity of austenite, and as & result, is highly sensi-
tive to stresses, which, in turn, are very apt to form grinding fissures. These
fissures may be removed along vwith the layer of metal, or they may be deepened
by subsequent grinding. Therefore, grinding fissures must not be permitted.

Rough grinding of the face was carried out on a surface grinding machine
with a round table, and rough grinding of the inner and outer diemsters was
carried out on face grinding machines or on internal grinding machines of the
Wotan type. The parts were set up on face plates fitted with special Jaws, in
which ground supports for the faces were mounted carefully.

The ring was clamped on the face; for radial centering, the ring was set
by spacing bolts in the jaws. The grinding wheels were 400, 300, and 200 milli-
meters in diameter (ELGSMB &l E46MZK wheels) and were as wide as the roller track.
At normal grinding speeds, the grinding wheels showed good stability and pro-
ductivity, and there were not fissures or burus on the ground surfsces,

Rough grinding on the Wotan grinder was carried out as follows: Rotation
speed of the ring was 45-TO meters per minute; rotation speed of the grinding
wheel was 22-20 meters per second; and speed of lougitudipal travel of the
table was 2-3 meters per minute.

Feed of the grinding wheel for two revolutions of the table was 0.0015-0.0025
millimeter.

Wear of the grinding wheel in removing a one-millimeter allowance from the
surface being ground, including dressing, was 20 millimeters. Accuracy of rough
grirding (plus 0.2-0.3 millimeter) was sufficient.

Finish grinding of the cuter and inpner dianeters of the rings was done on
a Wotan grinding machine or on the universal rotary (karusel'niy) grinding machine
wmade by the Khar'kov Machine-Tool Building Plant imeni Mclotov., Rediel pulsation
was controlled by means of an indicator in the support,

The high degree of accuracy of set-up on the face plate in the machine made
by the Khar'kov Machine-Tool Building Plant produced a riog in which out-of-round
after finish grinding did not exceed 0.012 millimeter for a ring about one meter
in diameter.

Out of reund, nonmperpendiculsrity of the roller track, with respect to face
of the ring, or eccentricity of the roller track, with respect to the outer or
inner diameter was not permitted to be greater than 0.06 millimeter; and skew of
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the roller track, vo greater than plus or minus 0.0005 millimeter. for finish
grinding, E9OMZK grinding wheels wvere used. Grinding speeds for fiuish grind-
ing were equal to the lover figures given sbove for rough grinding. When grind-
ing the roller track of the inner ring by the notching method, the feed is re-
duced to 0.005-0.001 millimeter per revolution,

The most difficult prodblem in carrying out these operations vas to eliminate
vibration createq by iasufficient rigidity of the spinrdle holding the grindstone,

To obtain & more Accurete angle on the roller track, lapping was uged,
It was noted that a temperature increage of 10 degrees centigrade increased

the diameter of an 800-1,030~m1111meter-diameter ring by approximately 0.08
millimeter.

Assenbly of Bearings

A description of the assembly of the most complex four -row tsper roller bear-
ing follows. The rings and rollers are sorted by size into bearing sets on the
basis of the control 8lips. Ther, the peripheral diameters of the center holes in
the cage shield for the Spacer are calculated for the set of rings, and the rollers
are selected. While the shield fcr the inper ring 15 Yeing Prepared, the rcllers
and cage are Assembled. The head of the sSpacer is slectrizally welded after as-
sembly. During the welding operation, the bearing should be prote:ted from falling
metal particles {sparks) by carefully shieldivg it with asbestos or iron strips.

After the neceszary calculations, the bearing 1s essembled ip the following se-
qQuence.

In layout No 1 (Figure 5}, the beariog is assembled vithout intermediate rings,
and the dimension AE of the inner rings is measured. This should be no greater
than the maximum dimension indicated in the blueprinpt, minus the maximum clearance,
and no less than the 2inimum dimension, minus the minimur +learance. Diwension
AE of the outer rings should be no greater than the maxinum wl!wension indicated
in the blueprint, minus twice the size of the maximum clearance, and no less than
the minimum dimension, minus twice the minimum :lsaran-e. .

After these ronditions have been fulfilled, all faces of the rings (except in-
termediate rirgs which are stemped efter finish erinding of their faces) are stamped
by means of an electrograph with the letters shown in layout No 1. In layouts
No 2 and No 3, dimensions BD, BC, and CD are @easur2d. The c¢lsarence between the
faces of the inner rings equals: cC equals OD plus BC minus BD.

After this, the inner intermediate ring must be ground down to a dimension
equal to CC, plus the axial clearance of the bearing; that is; ¢ equals CC plus
the axial cleerance, The thickpess of the intermediate outer rings is calculated
in the game way in layouts No b or No 5, or laysuts No & or No T:

BB equals {a plus AC plus CD) minus AR plus BD) in layout Mo &

BB equals (AC plus CD) minus (b plus A8 plue B3} 1n layout Ho 5
B equals BB plus &xial clearance

DD equals (v plus EC plus CB) mipus (ED rlus DB) in layout No 6

DU equals (EC plus CB) minus {e plus 20 pius DB) in leyout No 7

D =quals DD plus sxial clearance
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All measurenments were taken at four points on the reriphery, and their
arithmetical average was taken ag the final figure, &fter as3embly and messure-
ment, the bearing undergoes final essembly, a control slip is made out for it,
it is fastened with vire, and it is senled.

Experience In the Use of Bearings

The performance of these bearings in actusl use was wbserved ut the Zapor-
ozhstal' Plant, In the process of installinp and using support bearings in rol.
1ling mills, various design and technological Anortcomings were revealed, and
measures were taken to eliminate them. Bearings which havs already gone out of
order show that their durability is insufficient, Since the main reason for
bearing failures was breakdowvn of the rollers, special attention was glven to
the inspection of rollers. Breakdown of the rollers could have originated from
longitudinal fissures forming on their surfaces along the lines of ponmetallie
inclusions which were pot detected by the magreti: defectoszope, .

Heavily loaded betrings mede of 12KhN3A steel broke dows becauze the ring
Oor roller centers were not sirong enough {12KnN3a gteal has insufficient barden-
ability), Therefore, 20Kh2NLA steel was chosen for all casehardened bearings.

These measures, based on ap apelysis of every bearisg that broke down pre-
maturely, increased the life of large-size antifric+iop bearings and are now
being tested in practice,

Two other factors must be taken into accourt Lif the work cApacity of bearings
i8 to be increased.

1. A gradual trapsition must be echieved betweern rectilicesr gurfaces and
roller faces, that is, at polnts of maximum stress on the roller, surved fillets
must be specially ground.

2. Before wounting e besring in a heavily londed stand, it should be run in
on 8 lightly loaded s*tand 50 that the rolling surfacss cap be worked in properly.

/Appended tavle nna figures follow./

Tabla T
Weight of Forging Rolled :ock Dimension Welght of Forging Folled Stock Dimension
Tkg) Tmm) T I ) R
40-60 1%0 180-24C 225
60-75 150 240350 250
75-90 160 350-420 275 .
90-130 180 420-600 300
13¢-180 200 600-1,000 350
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Figure 1. Smith Forgiug Rings {left) and Hot Rol-
ling Them on Forgiog Rolls (right)
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Figure 2. Hardness Curve for 12Kh2NhA Steel, Ac-
2ording to the Depth of the Casebardened

layer and Depending on Hardening Tempers-
ture.

Figure 3. Dies for Hardening Casehardsned Tapered
Outer Rings
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Figure 4. Hardness Disgram, According to the
Depth of the Casehardened layer. Based
oo Anslysis of a Control Specimen; Hard-
nese at Center, 39 on Rockwell € Scale
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Figure 5. Consecutive Assembly Layouts for Four-
Row Roller Bearings
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